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ABSTRACT
Following the introduction of West Nile virus (WNV) into North America in 1999, surveillance for WNV in mi-
gratory and resident birds was established in Tamaulipas State, northern México in December 2001. Overall, 796
birds representing 70 species and 10 orders were captured and assayed for antibodies to WNV. Nine birds had
flavivirus-specific antibodies by epitope-blocking enzyme-linked immunosorbent assay; four were confirmed to
have antibody to WNV by plaque reduction neutralization test. The WNV-infected birds were a house wren,
mourning dove, verdin and Bewick’s wren. The house wren is a migratory species; the other WNV-infected birds
are presumably residents. The WNV-infected birds were all captured in March 2003. These data provide the first
indirect evidence of WNV transmission among birds in northern México. Key Words: West Nile virus—Flavivirus—
Mexico—Bird—Surveillance. Vector-Borne Zoonotic Dis. 3, 209–213.
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West Nile virus (WNV; family Flaviviridae,genus Flavivirus) is usually maintained in
cycles between birds and Culex species mos-
quitoes (Burke and Monath 2001). Humans,
horses, and other mammals are typically dead-
end hosts. WNV has a wide geographic distri-
bution, including Africa, Eurasia, Australia,
and more recently North America (Campbell et
al. 2002). The initial outbreak of WNV in North
America took place in New York City in 1999.
Since then, the virus has rapidly dispersed
across the Western Hemisphere. WNV activity
has now been reported throughout most of the
United States (Centers for Disease Control and
Prevention 2002) and southern Canada (Health
Canada 2003), as well as several Mexican states
(Blitvich et al. 2003a, Dupuis et al. 2003,
Loroño-Pino et al. 2003, Ulloa et al. 2003, Mex-
ican Agricultural Ministry 2003), the Caribbean
islands (Dupuis et al. 2003, Komar et al. 2003),
and possibly El Salvador (Nart 2003).
In response to the introduction of WNV into
New York, we established avian and equine in-
fection surveillance in the northeastern states
of México in 2001. Tamaulipas State is bordered
on the east by the Gulf of México and on the
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north by Texas. The coast of the Gulf of Méx-
ico is a major migratory route for many species
of birds migrating from the northeastern, mid-
western, and southern United States (Howell
and Webb 1995). Many of these birds migrate
during or at the end of the arbovirus transmis-
sion season in the United States. We hypothe-
sized that WNV could be introduced into
Tamaulipas State, and elsewhere in México, via
migrating birds. WNV activity has been re-
ported in .80% of Texas counties (Texas De-
partment of Health 2003). Thus, another possi-
ble mode of entry of WNV into Tamaulipas
State was by its gradual southward spread by
short-distance movement of birds (Rappole
and Hubalek 2003). Recently, we presented
serologic evidence for WNV infections in horses
in the nearby Mexican State of Coahuila
(Blitvich et al. 2003a). Here, we present data
from our avian infection surveillance studies in
Tamaulipas State. The Mexican Agricultural
Ministry recently announced the first evidence
of WNV infection in a bird in Mexico: the iso-
lation of WNV from a corvid in Tabasco State,
southern México in May 2003 (Mexican Agri-
cultural Ministry 2003). In this report, we pro-
vide the first evidence of WNV transmission
among birds in northern México.
Trapping was conducted at Laguna Madre,
Tamaulipas State from December 2001 to March
2003. Laguna Madre (23–25°N, 97°W) is located
just inland of the Gulf of Mexico. It is the largest
lagoon in México, being approximately 185 km
in length and 2,000 km2 in surface area. Dune
vegetation, such as sea oats (Uniola paniculata),
occurs at the lagoon margins. The average an-
nual temperature is 22–24°C. The average rain-
fall is 300–750 mm/year.
Birds were trapped at Laguna Madre for 4
days every 2 weeks. Study sites were established
in four locations: El Carrizo, El Mezquital, El
Refugio, and Las Carretas (Fig. 1). Trapping
was performed using strategically placed mist
nests, and at least 25 mist nests were used at
each study site. Birds were identified accord-
ing to species, and the migratory or resident
status of each bird was also determined (Sibley
2001). Bird species with both migratory and
year-round resident populations in Tamaulipas
State were classified as presumed residents.
Birds were bled from the jugular or ulnar vein,
and blood samples were immediately diluted
fivefold using field diluent (sterile phosphate
buffered saline containing 0.75% bovine albu-
min, 100 units/mL penicillin, 100 mg/mL strep-
tomycin, 250 mg/mL amphotericin B). Samples
were placed on wet ice (4°C), transported to the
Universidad Autónoma de Nuevo León, cen-
trifuged, and stored at 270°C.
In total, 796 birds belonging to 70 species, 24
families, and 10 orders were sampled. The most
highly represented orders were Passeriformes
(n5 573), Columbiformes (n5 159), Piciformes
(n 5 25), and Anseriformes (n 5 12). Overall,
164 (20.6%) birds were identified as migrants,
and 632 (79.4%) birds were identified as resi-
dents. Migratory birds were most frequently
captured in June (n 5 25) and October (n 5
26). The most highly represented migratory
species were the brown-crested flycatcher
(Myiarchus tyrannulus, n 5 30) and Lincoln’s
sparrow (n 5 17). The most frequently trapped
resident bird species were the common ground
dove (Columbina passerina, n 5 125), northern
mockingbird (Mimus polyglottos, n 5 112),
white-eyed vireo (Vireo griseus, n 5 55), and
northern cardinal (Cardinalis cardinalis, n 5 46).
All sera were screened at 1:10 for antibodies
to flaviviruses by epitope-blocking enzyme-
linked immunosorbent assay (ELISA; Blitvich
et al. 2003b). Blocking ELISAs were performed
using the flavivirus group–reactive mono-
clonal antibody (MAb), 6B6C-1, or the WNV-
specific MAb, 3.1112G. Sera positive for anti-
bodies to flaviviruses were then tested for
neutralizing antibodies to WNV and Saint
Louis encephalitis virus (SLEV) by plaque re-
duction neutralization assay (PRNT). PRNTs
were conducted in the BSL-3 facilities at Col-
orado State University. Isolates of WNV (strain
NY99-35261-11) and SLEV (strain TBH-28)
were obtained from the World Health Organi-
zation Center for Arbovirus Reference and Re-
search, maintained at the Centers for Disease
Control and Prevention, Division of Vector-
Borne Infectious Diseases, Fort Collins, Col-
orado. It was important to test for neutralizing
antibody to SLEV because this virus is enzootic
in the Americas, and antibodies to WNV and
SLEV may cross-react. PRNTs were performed
using Vero cells. Sera were initially tested at a
dilution of 1:20, and titers were expressed as
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the reciprocal of serum dilutions, yielding
$90% reduction in the number of plaques
(PRNT90).
Nine (1.15%) serum samples had antibod-
ies to flaviviruses as determined by the block-
ing ELISA test (Table 1). All nine birds had
appeared healthy when captured. Neutraliz-
ing antibodies to WNV were detected in four
of these birds. All four birds were considered
seropositive for WNV infection because their
WNV PRNT90 titers were at least fourfold
greater than their corresponding titers to
SLEV. These four seropositive birds were a
mourning dove (Zenaida macroura, LM-19),
verdin (Auriparus flaviceps, LM-26), house
wren (Troglodytes aedon, LM-37), and Bewick’s
wren (Thryomanes bewickii, LM-124). The
house wren is a migratory species. The verdin
and Bewick’s wren are residents of Tamauli-
pas State, and the mourning dove is a pre-
sumed resident. These four birds were cap-
tured in March 2003.
Neutralizing antibodies to SLEV were not
detected in any birds when using a diagnostic
criterion of PRNT90, but were detected in three
birds using the less stringent PRNT70 (Table 1).
The birds were a verdin (LM-26), northern car-
dinal (LM-70), and common-ground dove (LM-
75). The verdin was positive for WNV infection
by PRNT90; the latter two birds were consid-
ered to be infected with an undetermined fla-
vivirus. Three birds were positive in the block-
ing ELISA that utilized the group-reactive MAb
6B6C-1, but had no detected neutralizing anti-
body to WNV or SLEV, and presumably had
antibodies to a flavivirus of unknown etiology.
A Lincoln`s sparrow (LM-69) was positive in
the WNV-specific blocking ELISA, but had no
detectable levels of neutralizing antibodies to
WNV; thus, this bird was considered to have
antibodies to an undetermined flavivirus.
The overall prevalence of antibodies to WNV
was 0.51%. Similarly, we reported a low preva-
lence (0.06%) of WNV antibodies in 8611 birds
trapped in Yucatán State, México, from March
2000 and April 2003 (Farfán-Ale et al. 2003). We
reported considerably higher infection rates in
horses from Coahuila and Yucatán States
(62.5% and 1.19%, respectively; Blitvich et al.
2003a, Loroño-Pino et al. 2003). Furthermore,
the first WNV-seropositive horse in northern
Mexico was sampled in December 2002, 3
months before we captured the first WNV-
seropositive bird in the present serosurvey.
Equine surveillance may provide a more timely
and efficient means to detect potential WNV
activity in regions in Central and South Amer-
ica, possibly due to the mammalophilic feed-
ing habits of Cx. quinquefasciatus (Tempelis
1974). However, equine surveillance in Central
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FIG. 1. Geographic location of West Nile virus study sites near Laguna Madre in Tamaulipas State, Mexico.
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and South America requires the differential di-
agnosis of other equine encephalitides found in
these regions, such as Venezuelan, eastern and
western encephalitis viruses, and rabies virus.
In summary, we have obtained serologic ev-
idence that WNV is active in Tamaulipas State,
México. The potential health risk that this in-
troduction poses to humans, as well as equines
and avians, in México remains to be deter-
mined. Thus, continued surveillance for WNV
activity in México is warranted.
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